





Figure 3 - SAMs of the dummy hyperspectral images, on the left, the original, on the right the image with a 20% noise level.  
It is clear that increasing the noise level decreases the separation of the normal and metastatic pixels. 
It is evident from Figure 3 that the background (normal) pixels are significantly less well separated from the foreground 
(metastatic) pixels in the noisy image than they are in the original binary image. In particular the finer spatial details in 
the foreground are less well defined. 
Figures 4-6 show histograms of spectral angle from three of these images, the original image, a 10% noise level image 
and a 20% noise level. On the histogram of the original image we have just two lines at the values of the spectral angles 
of the normal and metastatic spectra. As we increase the noise, these lines are smeared out into peaks, which gradually 
merge into each other. This is confirmation of what we would expect to be the case. In the presence noise on the signal, 
the normal pixels exhibit a range of closely correlated spectra, and the metastatic pixels also exhibit this range. It also 
confirms what we observed visually from the SAMs, i.e. that the normal and metastatic pixels become less separable in 
the spectral angle space as the noise was increased. 
 






Figure 5 - Histogram of the spectral angles for the 10% noise level hyperspectral image. 
 
 
Figure 6 - Histogram of the spectral angles for the 20% noise level hyperspectral image. 
We fitted Gaussian peaks to each of the histograms, the values of the peaks and their widths (shown as error bars) for 






Figure 7 - Graph showing positions and widths of the Gaussian peaks fitted to the histograms of spectral angles for all 
dummy hyperspectral images.  The width of the peak is shown as the error bar at that point. 
Using these Gaussian profiles, we classified each pixel as normal or metastatic purely on the basis of its spectral angle. 
For each pixel, we calculated the probability of it being of part of each peak, it was then randomly assigned to one of the 
peaks, based on these probabilities. For example, a pixel with a 75% probability of being a part of the normal peak would 
have a 75% chance of being assigned to the normal peak. Figure 8 below shows the results of classification for a low 
noise level (5%) and the 20% noise level image. 
 
Figure 8 - Classification of pixels as being normal (black) or metastatic (white) based on spectral angle. The left image 
shows a 5% noise level spectral angle, the right image shows a 20% noise level. 
The 5% noise level image shows virtually no misclassification whereas the 20% noise level image shows a great deal. 
The foreground is still distinguishable from the background, and the classification seems to be correct for the majority of 
pixels. We counted the number of misclassified pixels and this is shown below for increasing noise levels in Figure 9. 
This shows that the number of misclassifications was steady and very low up until noise levels of around 9-10% before 





Figure 9 - A graph showing the number of misclassified pixels as a function of noise level, both for pixels that were 
misclassified as normal and those that were misclassified as metastatic. There are 199853 normal and 36768 metastatic 
pixels in the original. 
Further, we calculated the average spectra for those pixels classified as normal and those classified as metastatic for the 
5% and 20% noise level image; these are shown together in Figure 10 below. 
 
 
Figure 10 - Average spectra for pixels classified as normal and metastatic. The graph on the left shows the 5% noise level 
image, the right hand graph shows those from the 20% noise level image. 
Figure 10 shows that, although still clearly distinguishable, the differences between the spectra are beginning to diminish 
at high noise levels. In particular, the peak in the metastatic spectrum at around 460nm is significantly reduced, and in 
the area between that and the start of the decline at around 510nm the spectrum becomes much flatter. The separation 
between the peaks at higher wavelengths is also markedly reduced. It is noted that the normal spectrum is much less 
changed than the metastatic. 